
SUhWRY OF . PANEL DISCUSS IOEJ 

Chairman: Alan Roeen 
TRV 

A. Roeen: Our topie i s  the epececraft Charging hazard t o  $pace eyetems 
and the c r ed ib i l i t y  of tha t  hazard t o  managers and systems designers who a re  
charged with the task of doing something about i t  and a l so  what cone t i t u t e s  a 
reasonable response t o  t h i s  perceived hazatd. The panel members a re  a d i s -  
rihguished group and represent organizations t ha t  are  concerned with the harard. 
They may be regarded as technical spokesmen fo r  t h e i r  organizations and have 
the responelbi l i ty  t o  do something about the perceived hazard. To many. of us, 
they repredent funding agencies: agencies t ha t  support much of our work. But,  
it is  important t o  r ea l i ze  tha t  they, themselves, a re  constrained t o  address 
what const i tu tes  the "teal1@ hazard ra ther  than some imagined hazard. 

The panel members are  Major George Kuck, representing SAMSO; Robert Finke, 
from the NASA Lewis Research Center; Michael Massaro, from General Electr ic ; - .  
William Lehn, ftam the A i r  Force Materials Laboratory; John Darrah, from the 
A i r  Force Weapons Laboratory; and Charles Pike, fCpresenting the A i r  Force 
Geophysics Laboratbry. 

Because og the l a t e  hour, our agenda and fottaat for  t h i s  discussion a re  
aimed a t  giving each penel member ea opportmity  t o  reepoad to  the key isoues. 
I w i l l  epen the dincussim with some def in i t ions  and c l a r i f i ca t i on  of the topic 
problem. Each panel meaber w i l l  then respond, for  about 5 minutee, t o  the 
problem. Then the gession w i l l  be opened to  general discussion. 

I f  we could iden t i fy  a well-defined threat  t o  space systems, a l l  tasks 
aimed a t  a l l ev ia t ing  o r  elimibating tha t  th rea t  would be funded. Project  
managers and other people who are  involved i n  the space program do respbhd t o  
a th rea t  t h a t  they perceive. The question is, can we put the spacecraft  
charging hazard i n  so* s o r t  of perdpective on a sca le  of 0 t o  10, tihere 0 is  
no hazard, 1 is a nuisance o r  outage of a second or  l ess ,  5 is  an outage of a 
few hours, and 10 is some s o r t  of catastrophe? A t  thid tLme, we have f a i l ed  
t o  es tabl ish  i n  a quant i ta t ive  manner where the spacecraft  chatgin& hazard 
f a l l s  on t h i s  scale .  

The elemehts t h a t  go i n to  a .quarititative def in i t ion  of the hazard are the 
environment, the in teract ion of a spacecraft  with the environment (the chargirg 
model and the a r c  discharge characte t izet ion o r  the ftequency-amplitude dothain) 
where the charge goes (a c ruc ia l  element i n  determining the haeatd to space 
systems). and the coupling analysis. What happens t o  the r e s t  of a system 
during a discharge and what damage may occur seem to  be unclear. Key members 
of the spacecraft  design conrmunity cahnot answer theee questiohs. We have 
done qudte a bkt i n  describing the spacecraft  charging etivironment and i n  de- 
f ining a charging model. But we have fa i led  i n  the area. o f  discharges and 
coupling analysis and i n  doing the necessary work to  define the hazard. 1s i t  
o val id  hazard and what should be done about i t ?  



G. ~clck: My intfoductfon ta the ripaceeraf t chatging problem was about - 
6 months ag6 when I was mdde p ta jec t  o f f i ce r  on the SCATHA progjram. Thus, I 
am the inorit junior member bf t h i ~  (group. ~ i t h o u g h  I was warned ao t  ta get  
involved with the SCAT'HA pfdgram and to ld  it is a boatrdoggle, a WPP. project  
for  geophysiciets, I do not hold Chis view. I believe it ro be an important 
program and I think t h i s  i b  the perceptioa of a la tge number of people. How- 
everi project  persame1 do not seem t o  coslsider spacecraft charging t o  be a 
harard, and therefore nobody from the SAM0 Sylrtema Program Office6 attended 
th i s  conf ererice. 

R. Finke: NASA has very l i t t l e  idvolvepaent with geosylichrodous space- 
c ra f t .  Although NASA is synonymous a i t h  spacecraft,  w e  do not build and 
operate many geosynchronous spacecraft.  We provide launch eerticee.  We did 
build r*e  Applications Technblog- S a t e l l i t e  (kSS) spacecraft add W r e  co- 
experimenters on the CcOrmtlliicatior& Technology S a t e l l i t e  ((3s). And w e  a re  
now taking par t  i n  the Tracking and Data Relay S a t e l l i t e  S y s t ~ s  (TDBS) uhich 
is  a big project  involving a s e r i e s  of geosynctironous spacecraft.  

So what i g  NASA doing i n  a spacecraft  chargidg ptogram? Well, we are  
technologists, and same of the  ear ly  A S  data taken by Gaddard indicated tha t  
there was a charging phenomenon. The pa r t i c l e  detector  on the ATS spacecraft.  
indicated tha t  i n  the geosynchtonous enviroment spacecraft charged up. It 
is an in te res t ing  phenomenon. Others began reporting anomalies i n  t he i r  geo- 
synchronuus spacecraft,  primarily the mil i tary comarmnications spacecraft.  
Same of the commercial spacecraft people began talking about anamlies  - 
switching of logic c i r cu i t s ,  and so forth.  We s t a r t ed  1ooKirig a t  what might 
be the caude of t h i s  and suggested the charging-discharging phenomenad. It 
became apparent tha t  there was a problem with spacecraft - a re la t ive ly  serious 
problem. So as technologists w e  perceived tha t  .there was a rechnological 
need. 

NASA had for  years worked on high-voltage systems i n  vacuum, and soma of 
ue were familiar with the space sciences, instrumentation, and so forth. We 
f e l t  tha t ,  with our background and ekpecience, we could make a contribution. 
So, NASA decided to  ge t  involved i n  t h i s  ac t iv i ty .  Eventually, we evolved. the 
present intercenter spacecraft charging program and developed an intetdependent 
cooperative e f f o r t  with the A i r  Force. 

We t r i ed  to  use our grbund-based f a c i l i t i e s  t o  s f m i a t e  the space envirsn- 
ment fo r  testing.  We deaonstfated tha t ,  a f t e r  a s a l a r  artay was chatged d i f -  
fe ren t ia l ly ,  i t  arced and discharged. Kapton blankets, i f  not properly 
grdunded, a lso exhibited arcing effects .  We turned the e l e c t r m  beam i n  the 
vacrium system on to  the  loba at Poaitionidg S a t e l l i t e  (GPS) louvers and saw 
them arc ,  discharge, and f l u t t e r  (the louvers opening and closing very rapid- 
ly) * 

From the ground t e s t  data, ia t h i s  par t icular  environment,. it appeared 
tha t  anomal LPY (arc tnq tind sparking tha t  would couple into the spacecraft sye- 
tern) could happen. So w e  began a mcdelidg program and did nore tes t ing on the 
ATS-3 and ATS-6. We a l s o  developed an on-board monitor, a detector system, 
and p t ~ t  it  an CTS, %ere were 215 t ransient  events on CTS during a gear in 



o r b i t ,  A transient event i n  t h i s  caae is up t o  60 spikes an the power bus. -- 

B i f  teed percent of the aoler-orray pewet bus was 10s t af t a r  a par t icu la r  Ly 
act ive f l u t t y  of t ransient  events. SL,  again a ptoblera eeenied t o  e x i s t  thee 
needed attention.  We ins ta l led  the s a w  kind uf wtr i to r  enl the Orbital, f oe t  

19 
S a t e l l i t e  (OTS), and i t  is detecting t ransient  eventno me data have not yet 
bees analyzed. i 

So, t o  address the question of c t ed ib i l i t y  can8 hazard$, we fee l ,  from 
ground terots and analyses and our knowledge of the spacecraft chatging mviron- 
ment, tha t  thete  is a potential  hazard but that  it depends on the configuration 
and the spacecraft desigh. Transients can cauee switching anomalies, Wu a re  
t rying t o  deqelop techniques t o  prevent theee anomalies. A s  diacussod i n  the 
papers given a t  th i s  conference, NASA is publistliirlig debign guidelines and t e s t  1 

data, but the acceptance of t h i s  technology by the ttser is highly dependent on 
our education of that  user. 

Think of t h i s  program as an R&QA function. I f  a user does nor want t o  
uSe qual i f ied par ts  on h i s  spacecraft  but wants t o  r i s k  using par ts  he can buy 
from Radio Shack, nobody can stop him except h i s  sponsor o r  h i s  boss. Thete is,  
perhaps, an utnquantifiable r i s k  - a r i s k  that  9s going t o  vary a l o t  vfth the 
spacecraft, its design l i f e ,  and its componentg. We may never be abie t o  pin 
down exactly what the hazard is. But not looking a t  the charging c r i t e r i a  may 
be a l o t  l i ke  not using WQA. 

M. Massaro: 1 agree with most of D r .  Rosenls assessment. Whether a spece- 
c r a f t  chargixig hazard can be rated from 0 t o  10 w i l l  depend on the spacecraft 
design. That i s ,  you can probably have the f u l l  range of events, anywhere from 
0 t o  10, when an e l ec t ros t a t i c  discharge occurs, depending on the par t icular  
payload or  spacecraft des ign. 

Through internal ly  funded research, govafnmedt research contracts,  and 
I 
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space hardware development contracts, GE has made some ptogress toward quatlti- 
t a t ive ly  assessing the e f fec t s  of e l ec t ros t a t i c  discharges (ESD). A t  the sys- 
tems level, we have analyzed ESD-produced s t t u k u r a ~  currents and es  timated 
the i r  amplitude and wave shapes. We have measured &e shielding effectiveness 
of our Faraday cage design to  both radiated and conducted t i e ld s  i n  orller t o  
determine b e  e f fec t s  of electromagnetic-interference (EM1)-produced E . D  on 
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components and systems. Again, a t  the sfstems level,  we have performed ESD 
radiated-spray tes t ing on telemetry and command sys tem and on coumunic.ati ons 
payloads while monitoring system performadce. A t  the c-onent level,  we have 
perfotmed current-injection t e s t s  of blanket bondiag and grounding techniques 
t o  detenninc degradation of e l e c t r i c a l  grounds. We have performed electron 
bombardment t e s t s  of materials t o  detetmine opt ical  and them: .  degradation and 
discharge character is t ics .  We have meaguted apectruaa signature8 of miaterials 
tha t  ptoduced ESD, That is, w e  have ltiearrured the mgnitbde of the radiated- 
f i e ld  spectrum produced by ESD i n  electron bonibardment t e s t s .  Future approaches 
t o  quant i ta t ively assessing the ef fec t s  of. ESD are  as follows: large-scaLe en- 
viso~nentcL tes t ing of systems while mottitoring system perforrance parameters, 
as discussed by m,.nbers of the European space community; development of 
combined-af f ee ts f a c i l i t i e s  t o  more accurately simulate the space environment 
for  monitoring of materials responses and paremetem. 



f n  reapensa t o  the questied whether &ha Flraarerds o f  apacectaft ehabgfiig 
hew BeBd 6 ~ ~ ~ 6 1 1 t ~ t 1 € 4 d ,  the  e c i m r i f i c  cmaufrityqs raact im to  mst, naw phe- 
nomena t l m  pone e th rea t  La epeern perEorrRance tenda €6 be voty e~nosf f rad ivo~ 
fh i e  feeul te  &n ~Itceeflive daBfgn and feet ~equitenamts i e i  an a t f o r t  t b  cofitrai 
the p ~ o b l d m ~  Ae the Bpacdctaf l: chdrgfnp phsaeeeer.6~ boeatllee bOtf o r  tindim taod 
make rea l i sk ic  deriign d test rPquirimmcs w i l l  emerge. But (he throat  poeed 
by sgacecreft  chcrr@r& and d ischarggq  i a  r e a l  end da@eraus, oe pointed out i n  
Pha l a e l  Wo coxif-ccettde papdrs. @of example, i t  can lead to  thema1 degrada- 
tiotp of m f & r h l e ,  ~OBlisUnicatii-ns p ; ~ r f o ~ t i c e  degttldatlon, Logic tipeete, eeneor 
degradation atid eved epscecraf f f a i l u t e  . 

HoweIrefl %ve may be e r r ing  i n  a t t r ibu t ing  mat tipacecraft anamtlliee tcl 
chatgin@* Some of the eccurteaces map be e t t t ibufeb le  t6 poor deeigti. Current- 
ly, ehete i d  no sydtem t o  iden t i fy  €he exact source of anaaaliea. Ue a l so  do 
not h o w  enoti&h about the effectd of ESD. f i a t  is, e a c t l y  @hat happed6 ahen 
there i i 3  a breakdown, what are  the cauplirig medranism~, what a re  the  systems 
interactioaiit~ h<tw does ESD couple i n t o  g;pacectaft systems? i n  Lhott, there is 
a c t ed ib i i i t y  gap i n  perceiving the actual  hazatd, 

GdlteIMdC?nt: agencies &tiould can t ime  t o  find badtic research in to  modeling 
and tes t ing  effort% tha t  w i l l  help our utlderetarding of the  charging-discharging 
phenamenod; Bponsor large-8~816 ~jrstem-level test e f fd t t s ;  dewlap  add recom- 
mend def ini t ive ,  ~aembiguous, toet-effective deeiga prdcedures t ha t  can control 
the ef fec t s  cif ESD; make desigxi guidelines el toritractual requirement but allow 
the design ?rocedure~ t b  be ta i lored t a  the spec i f ic  mission and paylaad; 
Bponeor dewhipmerit of a etaxkdard, pract icel ,  l%Q mofritdring system tha t  celd 
beconie a v a i l ~ b l e  a& gavernsnedt-fdrni8hed equipmerit t o  spacectaft  manufacturers 
and piovide its interface requiterherits, Pr ivate  industry shoinld use good guide- 
liriee tha t  a r e  preeently i n  practice,  fo r  exaf~~ple, EMI $hielding df c r i t i c a l  
s ignal  l ines  ; uee engirieering spacecraft  chargi- mndals ; apply sys teme- level  
analf sis t o  val idate  designs ; apply recognized, s tartdardized test procedures t o  
ensure good desigii. 

W. fietin: As evideficed by t h i s  confereace exid the previous otre, thB epade- 
c r a f t  chargitig-dischdrging phe~iomeddn exis t@. It i r l  now recognized ae a phe- 
nomena tha t  is efieountered by tatitellife$ and other space aptem@, par t icu la r ly  
thdee tha t  operate i n  We 8eosyhchronou6 enoitonment. Recdgnitidn of the $he- 
nomcnon and proper cbmideration of it i n  eyiaccictaft dcsl$& cdd reduce i ts 
putent ie l  e f f ec t  Eram a hazard t o  a cauae of diamptions o r  axidmalies o r  can 
eiltrd.ndta it completely, as evidenced by the exgeriddce with GEOS. GI%& was 
designed t o  be 96 percent corlductive and has repdrted no instanced of airy dis-  
rirptiods rlr anomailes t h a t  could Bs a t t r ibu ted  t o  spacecraft  chereing. On the 
other h a d ,  Meteadat-1 i.6 reparted t o  be peirfomim exttemellp well i n  s@ite of 
occadi&al (abdut 2 per week) e te tua khasi&es. *ese c h a n ~ e s  a r e  a t t r ibu ted  t o  
surface discharges (syiacecraft charging) resul t ing from the preeerltly ra ther  
high so l a r  ac t iv i ty ,  A recent anomaly id  the on-board sa te i l l i t a  clock system 
of an operatidnal s a t e l l i t e  hde beeti a t t r ibuted t o  spacecraft charging, but the 
event Has not been duplicated i n  the laboratory, Spacecraft charging i e  often 
offer-d as the omee af cer ta in  eaeo l i i t e  andmalies without agy- rea l  d i r e c t  
supporting evidence, There i e  only one reported case i n  which spacccraft  charg- 
was estclbliehed ae the cauee of the cetarstro@his f a i l u re  of a s a t e l l i t e  - e 
DSCS power eyetern, 



T t  is  my opinion that spac6ctaft ehexgirr& i s  not r ae l ly  a haeezd Bue a 
problem shati mat ka t r c ~ t e d  early lin the dce im of a s a b s l l k t ~ .  By IncoaporsP- 
ing the propa2 stmdnxds and guidelida~a IF. can bo dmlgnecl aabl: sf a oa to l l f  to,  
Ae tapeleked oarlie1 , an electxorfltatic diecharga (BP] contral, p r ~ g r a n ~  has beon 
incogperate8 in to  the daaign, d~vitlopaont, and k ~ s k i ~ l ~  of the Q$CS axe sere l l i ta  
and prmisra t o  minimize or aliminata the QEfoete of epecccraft cherl~ing @ND. 
me preliminary spsresaeraf t shetging hi tendard sfid the de~itga gu$cicl%uc;te Eer ehc! 
csn t t a l  s f  spaceeteft charging rapartad in be prevfeue aeae:laa ate two of  the 
key eettvf t i e s  f ,, tho eeeporative NMA-AF ~pacoctof  t charging invera tbaaf ion, 
When updated t o  idelude SCAlXA spac6flight dilbe and foftnalizad, theso dssrdntonrs 
w i l l -  prdvids the basis for  the deeign of c h a ~ i n g - f r e e  sga+ntional satellites , 
C c r t ~ i n  ec ien t i f  LC aa t a l l i t eo  whoa6 mimion includes meaeuromente of very l o w  
ederay radiat ioa end charge buildup premnt  special  problems tha t  mugt bo 
handled on en individual sete l1i . t~-by-satal lLee basis. 

The many papers presented a t  t h i s  canference a t e  ample eviden, *e of the 
progress tha t  has been made i n  qual i teeisely  and quant i ta t ively assessine the 
overal l  phenomedon azbd.its potent ia l  fo r  c a u s i a  problems with various space- 
c r a f t  systems and subsystem. SCATHA w i l l  add greater  ins ight  i n t o  the ovetal l  
problem and provide the data needed t o  fur ther  define the dynamic, ofted very 
rapidly changing, geosynchronous radiat ion enviroment. The SCI and ML12 ex- 
periments w i l l  provide valuable materials performance and response data and 
r e l a t e  spacecraft charging with contaminetfon. A thorough understanding of 
spacecraft charging and rela ted modeling a c t i v i t i e s  is expected t o  take ?aarly 
years, but the standards and des f gn guidelines t o  build s a t e l l i t e s  essentialLy 
f r ee  from any major hazards o r  ancmalies should be available within the next 
2 t o  3 years. 

Is the A i r  Force response t o  spacecraft  chatging reasonable? Spacecraft 
clhargiag is only one factor  tha t  must be considered i n  the development and ap- 
pticoltion of new s a t e l l i t e  thermal-control, coatings and materials.   able 1 
shows these f oc tors.  

fABLE 1. - PROTECTIVE THERMAL-CONTROL COATINGS AND MATERIAIS 

FOR EXTENDED-LIFE SUKVIVABU SATELLITES 

Tailored opt ical  properties 

%,e 

Space s t ab l e  7-10 years 
(UV, e-a, Pi) 

Hardened fo r  nuclear and 
YOUR l a se r  e f fec t s  

a Lcw contamination FAVORITE 0 hw-iatr ias ic-s ignature  
meteria?; (vie ib le ,  IR, 
radar) 

SATELLITE 
Reduced space charging 0 Shroud and decoy materials 



In  summary, spacectaft  chatefng is only one factop that must be coneidered 
i n  the design, development, and trrsting of spacecraft.  Proper application of 
the spacectaft  chatging etendafd :and the dedigh guidelines for  the control of 
spacectaft  charging fmin the Ain: Force - M A  cooperative e f fo r t  shduld reduce 
o r  essen t ia l ly  elimiaata spacecraft  charging as a major concern in  future sa te l -  
l i t e s .  Very la tge space s t ructures  represent a special  ceee, and fur ther  ef-  
f o r t  and atielyeis w i l l  he  required. There i s  a de f in i t e  lack of secondary 
aniseion, radiatioi-induced eurface aad h:llk conductivity, photoconductivity, 
and other c l a s s i ca l  daterrials data neecieu t o  eupport the spacecraft-chargfq 
modeling a c t i v i t i e s  and t a  form the baais for  developing new and impmved 
thenual-control coating m t e r  i e l s .  kespohsibili t y  f a r  developing such data 
within the AF-NASA spacectaft-char-gtrig working group has not been determined. 

J .  Datrah: A t  the A i r  Force Wenpon~ Ubsratory,  we are principally con- 
cerned with nuclear werfare and tt~ :.urvivat~:.lity of spacecraft. There i~ thus 
less  ab i l i t y ,  thtough normal bspeuience in  peacethe, LO check potential  apace- 
c r a f t  performance. Ithe pbrfom..ace of spacesraft  i n  antbient and enhsr-ad ~? iac -  
tron environments (e.g., so l a r  euhstorma) by no means explaine what woq ..ap- 
pen in a nuclear explosion. Here we have not only the e lect ton enviro .LII'I, 
but a lso the e f fec t s  of gemma rays (whtch cause a number of chavdes to  mve i n  
a epacecraft, potentials t o  develop, currents t o  flow, and the conductivity of 
materials t o  change), as w e l l  as X-rays and photoelectric pkedotdena (ohe prin- 
c ipa l  mechanism called the syste'm-generated electromagnetic plllse @GEM?) ef-  
fect) .  And i n  some cases there amp be synergis t ic  e f fec t s ,  depending on the 
s t a t e  of the charge, bettteen the electrons and the g m m  rays o r  X-rays. The 
current i n  the spacectaft  can be sigtxlficantlp higher, par t icular ly  i.n the 
high-energy portion, duting a nuclear explosion than during a so la r  substorm. 
Consecfuently, problems tha t  Wght not be experienced during spacecraft opera- 
t i on  i n  the natural  space etivlxonment may become problems i n  the nuclear en- 
viroment.  Essentially, the time t o  a c c w l a t e  enough charge t o  cause dis-  
charges and d i f f i c u l t i e s  could be vety long i n  the natural  enviroment but 
could be a few orders of magnitude shorter  i n  the nuclear environment. So t h i s  
is a different problem and carnot be evaluated w g l l  from peacetime experience. 

Nuclear t e s t s  above the atmosphere have s t a r t ed  with the S ta r f i sh  t e s t ,  
which is the f i r s t  of the FiehboiJll eerie8 of high-lati tude tests. There ere  
not a l o t  of data from these tests. However, there  has been some review oE the 
data, and some spacecraft anomalies do not seem t o  be a t t r ibu tab le  simply t o  
t o t a l  dose e f fec t s ,  fo r  example, eoler-cel l  degradation and prompt TREE effects,  



which c lear ly  lead t o  evtt#eual apscaCtslft fa i lure .  So some nrielear anomalies 
may be re la ted to  speeecrsft  charging, The problems are  c lear ly  not cata- 
st tophie (e .p. ,  butnoat o f  most of the U j o r  electronics) or  there rau ld  be a 
l o t  of padic. . . 

The best  data available c lear ly  came froin space test6 ra ther  than ftom E 
leboratbry tests. Unfortunat&ly, there a e m  t o  be a lack bf fooperation be- .? ' 
tween Lhe rrpa&!creft designers and operatot6 and h e  spacecraft-chargia8 corn- !I 

I 

ni ty .  So there is no cleatlaghouse *ere incidents of anomlies a re  reperted 
sad the eeriousness of the problem is imeb tigated syr tematical ly. 5 

Progtese w i l l  never be made on the  t o t a l  engitreering problem d m  t o  the 
in terface level +3 thout laboratmy experimexita on ths f u l l  sys tem level. 
Basic mdel ing phenomenology physic6 by itrrelf w i l l  mt do very much. The solu- 
t i on  t o  t h i s  problem is not going t o  come from f i r s t -pr inc ip le  physics and it 
id not going to  come from smell-semple and lidted-geometry tes ta .  F i r s t -  
principle calculations for  the muclear catre, including synergisms, produce re- 
s u l t s  that are  not rkal. I f  they were t ea l ,  t o t a l  burnout of spacecraft elec- 
tronics would have occurted i n  meny cases. The problea of how dangerous space- 
c r a f t  charging is w i l l  be resolved by large-&cale laboratot), experiments backed 
up by a reasonably prudent amount of ewn larger  sca le  labnratoty e,periment$ 
and theory. 

Although spacecraft charging is  obviously a haBaxd t o  some as yet  mdets r -  
mined degree, some operetional problems mentioned by the panel members a re  sim- 
ply a matter of design. S ~ Y  anomalies cannot be used as proof of hov important 
a problem charging is. 

No cia@, nei ther  system house nor govemen t  agency, i s  capable of deter-  
mining the e f f ec t  of a huclear eatplosion on $pacecraft charging. This effect 
could become s f  prime 1mpoi.tafice during w a r t i e  and is a present concern of the 
sy&t&na houses. Even the e f f ec t  of a peacetime eaqslo6ion causes csncern. 

In cmciusion, the A i r  L r c e  WeaponB Labmatory is going t o  t ry ,  within the 
linkits of our understaadirkg, t o  keproduce the egacecraft charging phenomenon in 
the laboratory. We w i l l  a lso t ry  t o  conduct systems-level expetiments with 
reasonable ph~nomeaology across thir whole spectrum af electron energies. 

C. Pike : The r e l i a b i l i t y  end surv ivabi l i ty  of m i l l  ta-ry mission spacecraft  
i~ of paramour& consideration. I n  t h i s  @togram, technology dol lars  must com- 
pete Qith eystems dol lers ,  &i th  a re  cer ta in ly  f a r  more s ignif icant .  A technol- 
ogy base m e t  be developed and t r rnsferred t o  the users. Fortuaately, the haz- 
ard of s p ~ c e c r a f r  charging was rec.>gnired tcrauy years ago .?p b i t  Forfe Headquet- 
t&&. The A i r  Force then establisthed en interdependent technology program ttfth 
NASA. A s  th i6  program h a  progrwsed, the  list of operating anomalies ftom 
mil i tary end c iv i l i an  spacecraft has g r m  end provides a very etrobg jus t i f ico-  
t ion  for pursuing our progrem. Indeed, there is a problem, although what is  
perceived by one program manager as an anomaly of greet  cohcern t o  his progrrm 
would be merely a nuisance t o  another progrem manager. This i.6 e subjective 
area where candor is  often lacking. It is very d i f f i c u l t  t o  assess what, from 
an operatiow, ah-d r e l i a b i l i t y  viewpoink, is a hazard. 



SoaM olignificedt reeultll bf the Aik Fotce - NASA program weio preeattted a t  
lrhie confereneo. Very $ i & ~ l f i c a n t  B ~ B O  i a  the $re~emce a t  the conference df 
tha oetoiipac~ iaduetey, eepaciallp the largo corporetions who are  the contrac- 
tbrs  Ear tho mnieeidn progtam, They w i l l  implement the toehnology we dovelop 
end are e trong epoke6man f a r  th ie  tt&n018eyr 

MIL ltandord 1511, which tsl a chargjin$-related test standard, has had a 
s ignif icant  inipact on s e t e l l i  s davelopmdnt. Th& only s a t e l l i t e  devel.apmetit 
progrea Win$ thi8  etendard i e  "L)S& If I. This e a t e l l i r e  i e  being developed i n  
thc context bf the AF-NASA tecllaoio@y ptogram. The grWSng i i e t  of anomalie& 
have occurred oxi e a t e l l i t e s  thac were designed many yearb ago end have had band- 
aid f ixes  t o  t h u h  The technology t h a t  we have bean develbping i n  the past  2 t o  
3 yearg is being incorpdrated i n  the DSCS 111 program, D r .  Maasaro's paper sn 
charging celctrldtiona ofi DSCS 1 x 1  ehw8 tha t  indeed the s a t e t l i t e e  w i i l  see 
high voltages aad that: i n  erne cedes s teps  have been taken to  mitigate t h a t  
w1 tdse buildup. G i l  Condon's paper dihows the design and teet prsgram tha t  
General E lec t r ic  is pursuing. 

=e DBCS 111 program i a  dewloping out nest  &%ieration of c ~ u n i c a t i o h $  
s a t e l l i t e s ,  a s ignif  ictmt payof i from the @-NASA technoloi]y progtam. The 
spacecraft charging hseard has been recogtlized, a techno1op:y base has been de- 
veloped, and it i d  being impletnented. The A i r  Force Geophysics Laboratory hae 
been succeseful i n  defining the apececraft chargkig envirotunent and we know 
where the technology gaps a r e  - i n  the field-alined fluxes ahd ionic  camposi- 
tion. SCATHA w i l l  cereainiy provide needed inf bmaticm, I n  eonclusioa, there 
has been strong progtess i n  the  technology pxo&kan. Technblom transfer  has 
been prac;eedirig very smothlp,  Theme conferences a re  a irery importaat par t  of 
the t ransfer  process. Techndlbgical developmcht generally requires a t  l e a s t  
10 years, srnd we have only been ifivolved i n  i t  for  2 or. 3 years. Only i n  1972 
to  1974 did spacecraft charginfi came t o  the Lotefront. In  a very short  time d 
l o t  of progresd ha8 been ihede, and the technology is b e i w  applied i n  &ur negt .. 
generation of c o ~ n i c a t i o n s  s a t e l l i t e s ,  

A. Rogen: m e r e  is one per8011 tha t  hasn't been represented - the person 
wha is responsible for  assuring tha t  a sjretem tha t  is abdut t o  be launch@d sw- 
vives, That person getiexallp needs a measured resporiae t o  many, many haeardous 
ditbatidns.  H e  r ea l ly  doesn't know whether t o  imeree  the epececraft i n  a gi-  
ganeic swarm tunnel and eubject it t o  electrdns and ioi. o r  merely t o  do an a i r  - 
t e s t  with simulated arcs. 216- dnee not eved h o w  what s o r t  af ares t o  use. 
Subjectrng the spacecraft t o  unknom arcs  that  may not be representatiire of the  
in-orbit  conditiori could be a greater  hazard than not t es t ing  it a t  d l l .  Should 
he do a coupling aaelysie pragrem, which could be very eicpensive? O r  o charpin& 
analysis? I f  he $rounds scme dif the thermal bfar~kets, doeo he need a ver i f ica-  
t i aq  program t o  eneure tha t  everythirig is grounded? The66 queationa haven't 
rea l ly  been addrelosed. kg oould l i ke  t o  have a maaeurad reapsnee to  what he 
codsiders t o  be the htiaard, but he doesn't know whet a good measured redpotwe 
ie. This is why some quent i ta t ivo assessment of the epacacreft chargie hazard 
must be inade, 

Ate there ady questionts of the @enoliats among each dthere? Then, the die- 
c u s ~ i o a  is  open t o  the audience. 



J. Naflsli: f em wirh RCA b e t i c a d  Cor~municatiane. A t  the codference 2 
yctara age theta wrle d slinlifar panel did;c\tmionr but thd theme Web o l i t t l e  d i f -  
fefent. me p.me1 members plantlsd t o  tel l  industry - e l l  uererer, sys tem de- 
dignere, aird metlufedturera - tha t  they vented t o  p lo t  o r b i t i a l  tircing t o  see  
what the environment i e  l ike ,  They were goilrg t o  $upply sdnBore t o  industry, 
Ifnfortunstaly, no actioxi was taken. I think for the t  very reason there is a 
c r ed ib i l i t y  gap. 

Three of the dive com&rcial users of e a t e l l i t e e  attended the l a s t  canfee- 
ence. A t  thier caafatence, I am the oidy c61~inercial representative. The fivd 
camwerciai users have 10 satellitee iri l  geoaynchronws arbi te .  If there waealt 
a c r ed ib i l i t y  gap, these users ~ m l d  be repfesented here. I n  the next couple 
of yBar8, there w i l l  be two more c m r c i a l  u8ers. They a re  not rap~asented a t  
th ie  conference ei ther .  Unlesd it can be deuionatrated tha t  e l ec t ros t a t i c  dis-  
chargin$ (ESD) w i l l  e i t h e r  c u r t a i l  an 8-year mission and thus cause a loas of 
potetitiel p r o f i t  and earnings on a coaanerciad s a t e l l i t e ,  there i e  goi- t o  be a 
c r ed ib i l i t y  gap vi th the csamraercial ustete. That is one of the problem. 

As f a r  as incorporating sensors on the spacecraft,  I ktied t o  bting the 
message t o  m), manalenient but was taet with the c r ed ib i l i t y  gap. They said  sea- 
sore would be nice t o  have i f  the ~rbctrre!mnt and i n s t a l l a t i on  were free. The 
procurement from NASA was free.  The in s t a l l a t i on  by the conttactor was not. 
b(y raenagemBnt Wmted t o  know  hat government agencies tha t  have launched eatel -  
l i t e s  i n  the! l a s t  2 yeare have these senhlors bn thefir own s a t e l l i t e s .  That is 
a hatd question ta. answer and is orie t ha t  I would J k e  to  put t o  the panel. 

Mike Messaro from GE would l i ke  to be& many test program conducted. if 
e l l  theae test programs are  spo~lsored by khe government, fine. Would GE run an 
intersiaily funded progtam t o  t e a t  spacecraft i n  piasme tanks t o  show tha t  there 
is a hazard clt tha t  there is a solueion t o  the hazard? I think thet ,  i f  GE 
wasn' t funded by the A,r Potce and W A S  tha t  the posi t ioa  ~ o u l d n '  t be taken. 
I f e e l  t ha t  f 'm being e r e a l i s t  he te  and I have one more questicn, I& DSCS I11 
going t 6  have any sensore on .bodrd? 

R Finke : A l l  gwernmc?nt-sponsored epacecra f e put in to  geasynchroaou$ 
o r b i t  have had sensora. The Canadian guvemmP,nt put a eerusor on CTS. ESA put 
a sensor on OTS. h t h  were simple sensors tha t  counted trabeient eventa. But' 
both theee gommm6nt-spoMored spacecraft have them. Agela, NASA has nbt 
sponsored o r  b u i l t  spacecraft,  with khe exceptiad at  TDRSS. Ms. Bever tegre- 
sedte the Gaddard Space Fl ight  Cefiter and TDWS. fie bi rec ta r  of Goddafd, 
Dr.  Cooper, has requested the sllpport of the  &ewie Research Center i n  investi-  
gating chatging problems 8nd design c r i t e r i a  fo r  PDRcS. We a re  euppartine tha t  
project. NASA, aeain, j u s t  is not i n  the geosynchronoue spacecraft buainese, 
But we do take spececraft charging eeriously. 

G. Kuck* domething l i k e  a Transient Pulse Monitdr (TPM) was instsllled on -* 
en operational A i r  Force s a t e l l i t e  many years ago. kt. the preeent specectaft  
charsing ptogrem is Wre  expellsive then ju s t  ti eiirgle instrument. The P78-2 
s a t e l l i t e  e l b e  coets over $45 mhlliod. The SCATHA portion is jus t  w e r  $5 
million. So the A i r  Force hee inveeted over 890 million i n  tryfng t o  idbntify 
and eo?ve the epacacrdkt chargirrg problem. I have eelin evidence a t  t h i s  confer- 
ttnce tha t  6E is working on the problem. So, the existence of the problem is 



recagnigedl, Now, i f  we do ow jab right,  the problem w i l l  no ione(e* asdet i n  
2 yeeta for the types of ~~peceeraf t  bet' bullc now or  t o  1900 or 1985,. htiept  
for k i l e t e r - s i z e  ettuctures, the ptobl "ft m w i l l  be ealved, 

M, Mh38dBrb: I& response t o  the queotLm about ESb motiitcirs, SAW30 Lo &&it 
ari$iadl cmtract  did wt tequeet a militor s y w t a  an DiSCS, Actually, General 
Electric proposed it i n  6ut teepoabe t o  the prop m l .  Etawer4rb lster, becauee 
of buhetary constraints a d  meiaiy because we don' L think H b  w i l l  ba a problem 
on DSCS beeawe af the meteriais b e i q  wed and the special plteseutiam beixrg 
taken, GE decided not ta i m t a l l  en ESP m i t o t i  Hi$we\ter, the Jepaneee (our 
c u e t ~ r )  during their  cob t r ac~  with US regueoted that  we p)6gEw their  
Braadcast Sa te l l i t e  Bxpetimeattll Systea. Bey, ad a user, were concsmed about 
it. 

fn response t o  &e queetioa about spacecraft outage, the dataeatkc camm0t1- 
carr ier  e a t e l l i t e  campanies who lease tranepondere on the DOtweta axe ter r ib ly  
concerned about autages due t t ~  solar  act ivi ty o r  any other cauee. t;le mcrp nat  
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be too aware of ohat the outages ate, es pointed out by eziothbr pane1Id;ember. 
A l o t  of spacecraft ~ ~ u f a c t u m r s  end opereCora do ilot watrt t o  discwe the ! 
problem t W y  have had with their a p t m u .  Same repteeeatwives frm Colmset 
Laboratories ere preset& and they my w m t  t o  diacuss the outeges oa the 
Intelsats because they do seem ltorrcerned about rhe pxobleaa. 

S. Bosm: Mr.  Damah caid that a smell-ecale test w6uld not be relevant - 
for  erdgineering problem on a apacecrrlft. However, i f  you take! ariy matetiel, 
you s t a r t  with what i t 6  besic behaviol: w i l l  be. You esteblish its ogtga~sing 
properties, i t 6  thenuo-optics1 propertielp , etc., tsith sm11-scale lebotetory 
teats. You also want to  determiue its dilectrical prapertiee. It wuld  be qu i t e  
notma1 t o  apply a s c t e e n i a  test methad on the electroetsitie properties of mate- 
r ia ls .  tn a acme thie is already taking place. Furthemitote, Mr. 'Darreh said 
that there are aa, solutions for elec tmote t ic  problems. I think that Dr. Ufnili 
w i l l  agree that most ~f the theanal-conttol caaLings have conductive a l t emai  
tiws . There are conductive b i d  paints, conductive aptical solar ref lectors 
(OSR'e), and ae ta l  surfaces that ere themselvee conductive, Only the problem 
of a ~onductive fleWb1e sola t  rdflectort. has ybt to  be solved. In 2 o r  3 yeara 
solving the electrostatic problem w i l l  be standard practice, 

J.  hetrclh: Although the meteri?le tests raentiolhed by Mr. hame are of a e ,  
they have limitation8 that sevetely e "ect the orighrf question df the credi- 
b i l i t y  o i  &pacecraft chargiag ae a kraeetd. grom r small area of material it is 
d i f f i cu l t  t o  establieh, even from a b ~ u i c  physics stendpoiat, the area of thet- 
me1 blanket or  the area aO aolcar ce l l s  thee cohtrikuted t o  a arc, ' ha t  14, as 
metetiel he added t d  the spacecraft, on the auteide end the insitle, how lirrtge 
an area cantributes t o  a diacksrge current a t  what t-? Smell-Pcale experi- 
ments do not even establieh the bouidaric-G crQ the problem. 80 f ~ u  don't know 
huw mCh increasing the area to mere of 8 systems bTa'L might contributtj t ~ :  an 
arc. So there i e  not a bwnd aa current, iocsrlieation, or  t.im hirrtoty fzom 
srmill-scale elrperhienta, liltoat 14 why larger-ecele exparlmanta are rsqul+ed. 
The whde apectrwl hasn't been treated, particularly the nuclear ccrde, X t  i sn ' t  
c l e w  that  results from theme1 blaakets and e+terael corrtdng tester can be Wed 
t o  eValtrate the potenttdl of dhchargee i n  p r i~ ted-c i rcu i t  bioards, i n  cables, 
and in  other dielectr ic@ in  the inter ior  of  the epececraft during fiuclear war- 



fare. The CWpling problem of arcs i n  man$? sf these l e t t e r  case& i$ a @tic5 
Wte caiipliceted problem than the Iir8ig)le i a t o  the physics tha t  came8 Prom the 
&meif-scale samples. The smell-scale tixperiumnt reaultx on coupiing depend 
very mc)r on the dklgign. 

h :  A l o t  of proere88 has bean made 5fi the matertrls  charging ispect,  
i b  Lryi- t o  w d i f y  FEP I'efled a r  Kapton t o  be conductive. But t ha t  is only 
pa r t  of the problem. The r igh t  s ide af the tab le  P presented earlier s h m  the 
more sevete @koblem, which ham'  t been btorched-at t h i s  meeting. Peecetime use, 
6s indicated, is not a pt6blem. Xn &other c i tuat idn,  Bome of the best mete- 
r i a l s  for  s o l v h g  the chetgitig problem have been t a t a l l y  inadequate for  those 
problems l i s t e d  an the right.  Ue have s o m  ~ o l u t i c m ,  but we d m '  c have the 
(lolution tha t  w i l l  f i l l  a l l  the  A i r  Force recpir&ments. J e  have some m t e r i a l s ,  
data, and approdches but a l so  many question$, The quest ion of in-depth cbarg- 
ing i e  e t i l l  open. The need for  bulk conductivity of matetiala has not been 
deterinfned. There is no good, adequate apploech t o  provide a subs t i tu te  mate- 
riel for  any cutrent  material the: ha6 a l l  the opt ica l  propelrtiw, long l i f e -  
time, end high bulk conductivity and t h a t  can be s u b ~ t i t u t e d  d i r e t t l y ,  

0. Kw~: 'Lhe question of the level  t a  tjhich you t e s t  is one with which - 
you are  always faced. l o  m t t e r  what type of entrlronment is i t ~ o l t r ~ d ,  you met 
decide whether you ~ B h t  t o  simulate the envirmnetlt o r  the ef fec t s  of the en- 
virbnment. You have to  d i f fe ren t ia te  b e m e h  verifying tha t  the system w i l l  be 
able td operate i n  the t  envieonwnt and making a syetem the t  operetes re l iab ly  
i n  the ef fec t s  of that  enulrbtlm(l.nt. A l l  s a t e l l i ce s  tha t  a re  hardened f o t  SGEMP 
and fo r  some 6f the nuclear a f fec t s  a r e  not tested is undergtound nuclear tests. 
We t r y  t o  test the s p t a  some other why. Me specify t o  the c m t t a c t o t  wRat 
tgpe of test the A i r  Force or  the  customer requires sa that the operatianal 
spacecraft w i l l  be ptoued rel iable ,  without costing a percedtage of the gross ' 
xiationdl product. One of the appraaehes taken i n  the SC4fkU program is t o  t r y  
t o  f i l l   at gap beween the environment ahd the e f fec t s  of the environment. 
me P78-2 s a t e i l l r e  ~ i l i  check what the and IF1 enviroaments a r e  i n  space. 
A laboratory scale  model w i l l  be tes ted,  po6ribly including a spray test, t o  
Bee what its Elbe-lU?l envirorhent is. The labaretory etlvitoment can then be 
related t5 d i e t  we d e e  i n  space. We W i l l  then g q  t o  r e l a t e  the laboratory en- 
fironmerit go the resu l t s  of mall-sqZe tests  i n  order to complete thfe logic 
loop, Relatively inexpensive test6 t h a t  model a l l  those e f fec t s  rill be levied 
on the coatrector. tt..-is a muney aad resources ptdblem. 

Ear l ie r  I was *emis$ i n  n u t  saying what I think the govcrnmcnt's respmeh- 
b i l i r y  is* The g6venrment's respcinslbility is t o  make sure that we get  the 
tests and procedures tha t  the contractor can adapt t o  the ayntem he is building. 
Zn f ina l  analysis, we need a caaibitletitm of ahalysis, testirrg, ead whatever.so 
tha t  we can assure the s a t e l l i t e  sponstor ~!mt the s a t e l l i t e  w i l l  operate t e l i -  
ably when W e  launch it. I f  there is an anomaly, it  w i l l  not bB anywhere oti the 
scale  between 1 add 10, but w l l l  be abdut 0.5. 90 gefn ad extra 0.1 percent i n  
r e l i a b i l i t y  would cost  too much. The question is  how to  t i e  together the sagail-. 
scale  test, the larger sca le  t e s t ,  and the actual  speratiori i n  the space envi- 
rorrment. Then, how does one &el the e f f ec t s  aird define the apptopriate, 
er'fordable, eystems-level t e s t  t ha t  give8 you confidence before a lauach. 
feu haee t o  look a t  the whole syecem. 



Member of audience: Would the  panol coment on the leuneh time of 8CAmA 
r e l a t i ve  t a  the 11-year so l a r  suaspa t cyele 7- ------.- 

C, Pike: In the past  6 o r  9 & ~ n t h ~ $  so l a r  ac t i v i t $  has gone up very 
dram&- end, more recently,  it appcarr t o  be pla teauiw.  SCATHA w i t 1  be 
orbi t ing and col lect ing data nedr the aufispot maximruh, e very dieturbed time. 

E. Whitsple: When Dr. Rosen formulated h i s  point oh a c r e d i b i l i t y  gbp, he 
put i t  i n  tenns of questions t o  modelers : Have they r ea l l y  dolje t he i r  jab? 
Hale the  environmental msdeldrs r ea l l y  done th i rus  properly? Hale the  sheath 
modelers done t h e i r  job? Have the  digcharge modelers rea l ly  modeled t h a t  pro- 
perly? That seems t o  be putt ing the  burden on the theoret ical  s ide ,  1'rn enough 
of a t b a r e t i c i s n  t o  know ybu never t r u s t  o theoret ical  answer but you 6hould . .. 
look t o  the data. I ' m  dieappainted, i n  a way, t h a t  the  people who have flown 
spacecraft,  t h a t  is,  the spacecraft  designers and builders, have not found the 
causes fo r  these anomalies. Why aren ' t  they m r e  interested? Is there a con- 
f l i c e  of i n t e r e s t ,  perhaps, i n  that  the designer doesn't want t o  admit tha t  h i@ 
design d idn ' t  take care of t h i s  par t i cu la r  problem? Why hasn' t  there been more 
work? We need t o  know more about the anomalies t ha t  have already occurred. 

A. Rosen: I d idn ' t  put the whole burden on the theoretician f o r  solving 
01: not solving the important problems. I did put some of the burden on them; 
but a lso  some on the experimentalists for  not tackling the r i gh t  problems; and 
a l so  some on the project  mamgers, who a r e  responsible fo r  disseminating funds, 
f o t  not seeing t o  i t  thar  the  r i gh t  problem were tackled. And, 1'11 accept 
the  responsibi l i ty  myself f o r  being blind 2 years ago t o  what the r e a l  problems 
were. So the theoreticians ate  not being blamed fo r  everythiag. The anomahs  
a r e  dn exercise i n  f rus t ra t ion  for  most project  managers. X t  is almost impss- 
s i b l e  t o  reconstruct events as they occur on a spacecraft.  Large s u m  of 
money - about $LO million i n  half  11 dozen cases - and quite a b i t  of e f f o r t  
have gone in to  th i s .  The r e su l t s  have been incobaclusive i n  the cases I have 
bean involved with. So, we are  r ea l l y  chasing our t a i l s .  On the one hand the 
spacecraft designer refuses t o  put diegnostics ( t ransient  monitors) on the 
spacecraft because monitor8 are  not going t o  flx anything for  him. On the 
other hand, when ha does ge t  in to  troubCe, he i s  Ln a dilemma and can' t  deter- 
mine what the source uf the problem is. 

E. Whipnle: Why hasn' t  there been a strohg emphasis cn diaginoetice? A 
small TPM monitor is not expensive. 

A, Rosen: 'Arab people who are  responsible f o r  operational spacecraft  gen- 
e r a l l y  don't want eo undertake a research and development prograni by usi* 
diagnostics monitars. 

G, Kuck: Elden, i t 's money, 

J. Napoli: One df the r ea l  reasons i s  tha t  the level  of problems has been 
abdut 0.5 on a sca le  of 0 t o  10 - problems tha t  hcve not caused any sutagee, a t  
l e a s t  none t ha t  we can a t t r i bu t e  t o  spacecraft charging. 1.n my 3 years of 
s a t e l l i t e  operational experience - that  3 yeats is a t o t a l  of 6 i f  you take 
the twa s a t e l l i t e h ~  - we have not had any problems or  any outages tha t  we  can 



a t t r i bu te  t o  spacecraft charging. That is teue, i n  general, with a l l  the com- 
mercial s a t e l l i t e  progtcrms. Without an 6Utage ceuaeci by some unknom, you 
can't j u s t i fy  the coet ab senadre. 

S . l)ebreer:  That etateatent deem' t make sense unleos we add the quelif-  
icat ion tha t  a11 dnomaiies have been tracked down t o  a sour& without these 
diagnoe tics bein8 rdade , 

J. iV(I~61i: The anomalies we haven't been able t o  track down a t e  so in- 
s ign i f ican t  t ha t  they are  not o f  any majst concern. 

A, Rosen: There was one anomalp tha t  was a.10 on a sca le  of 0 to 10 and 
it waa tracked dowh very .vbgorously. This t o t a l  fa i lu re  and loss of a space 
system Oas a t t r ibu tad  t o  a charging phenomenon. There we& no other cause for  
t ha t  f a i l u re  t ha t  was as credibLe as a charging ahd discharging event. Although 
we canriot sap tha t  S t  def in i te ly  was the cause. 

M. Massaro: Maybe the design features of the RCA s a t e l l i t e s  precluded any 
problemg With ESD. In  othet  words, ESD d i d  not a f fec t  the components because 
of the design procedures RCA had used fo r  these two spacecraft. I n  other wards, 
i t  is fortunate tha t  you didn' t have any problems. 

J, Eapali: Let me give you a little background on that .  About 34 or  4 
yeata ago myself, as a user, and our coatractot ,  RCA Astroelectronics of 
Princetm, toured the country a f t e r  we had read the report.about tha t  par t icular  
catastrophic problem tha t  Dr .  Rosen made reference to. We wete i n  the design 
phase a t  tha t  time so  we were concerned. That i d  the very reason why I ' m  here 
and have followed th ie  subject  for  the l a s t  4 years. We t r i ed  t o  find out what 
the ptoblema were and what t o  do t o  avoid them. Then we went through a l l  the 
ramifications and reviewed a l l  the t e s t  data we had picked up by contacting 
people in the opt ical  coating indudtry, i n  the other contracting industries,  a t  
S m O ,  and i n  various other places. We looked a t  out basic design, but even 
s o  we made no changes other than those w e  had or iginal ly  planned to  make anyway. 

A. Rosen: A t  t h i s  point I would l i k e  t o  close the session. 
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